ov 37 ^ 


ISSN 0388-9653 




■te's9- 

1136^ 


¥/*10¥ 


//>AvW 


zti 

n 


i v 


/// '' 


METEOROLOGICAL SATELLITE CENTER 

TECHNICAL NOTE 
No. 36 
1998 


fe v ? - 


METEOROLOGICAL SATELLITE CENTER 
235, Nakakiyoto 3 Chome, Kiyose-shi 
Tokyo 204-0012 JAPAN 
DECEMBER 1998 



fl'Jt LT^20^fr-r£o i LX%$imMi-b>?~Wl^ 

%7bm?Zo 

• m&fm<oAm. mm. M&mn • ^%^<7)i^jg^5.c;n-i®^ 
t\ mx. ssi *<om mm. mws^) om^t-rzo 

i><DktZo %$iFtftft<D&? , iM<Dfflffi 

« m m m 

i. &*i#fii§c!ij h ix%.mfTm%&}:vz<Djmmm%t'rzo 

i>x>t-rZo 

3. i><DktZo *<D|®, f*3^ #MZM%.-rzz t {i-e#fcv>„ 

5. lXi&(DfimV3lZ*%m%i>(Dt?Z 0 

gtcIgffiWaTIE. B0B&, Z tfr$>Zo 

ktZ 0 

&M^mib2titzmx%<Dm{iFWt%.MiffiM-by9-izmmxz» xu^mmztitzmx^z&M. urn. m 


'>XfAf« 

mm 

&& 

mmmmm 

ft* 

*m 




rtffl 

mm 

f“^lll 

w 

nm 


mm 

m 

mm 

HM 



fern 



iha 

m- 


mm 


mum 


mm 

*s§*a^ 

sufiiieic^ 



«*«- tz>*- 1998*123 


Study on Over-sampling for Imager 

Seiichiro Kigawa* 

Pamela C. Sullivan** 

Abstract 

This report describes the potential improvement of the effective ground resolution of 
MTSAT (Multi-functional Transport Satellite) Imager. 

The IFOV (Instantaneous Field of View) of MTSAT Imager is 4 km for infrared and 1 km 
visible. A combination of some images acquired by the MTSAT Imager could generate 2 km- 
latticed infrared images. Furthermore, it is possible to generate an effective 2 km IFOV 
image by the enhancement of the 2 km-latticed image using Digital Signal Processing. This 
report also mentions the on-orbit demonstration of this concept. 


1. Introduction 

The purpose of this study is to demonstrate 
the effect of 2 km infrared imagery from on- 
orbit spacecraft. And the study is made on the 
premise that the existing instrument and 
ground system should be put to use to minimize 
the cost and risk of improvement. The design 
modification of the MTSAT Imager and ground 
image processing system for this study is not 
required. 

This report describes the MTSAT spacecraft 
and Imager design, a method of image 
combination, a technique of image enhance- 
ment, and an approach to on-orbit demonstra- 
tion. 


2. MTSAT and Imager 

The MTSAT spacecraft configuration, shown 
in Figure 1, is a three-axis, body-stabilized 
design capable of continuously pointing the 
optical line of sight of the Imager to the earth. 
The use of a single-wing solar array configura- 
tion allows the passive north-facing radiation 
cooling of the Imager. A solar sail and trim tab 
provide the fine balance control of the solar 
radiation pressure. 

The Imager consists of Sensor Module, Power 
Supply Module, and Electronics Module. The 
Sensor Module contains the telescope, scan 
assembly, detector, thermal louver, and passive 
radiant cooler. Figure 2 shows a schematic 
appearance of the Sensor Module. 
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The Imager contains a servo-driven, two-axis 
gimballed scan mirror. The position and size of 
a scan area are controlled by command from the 
ground system, and so the Imager is capable of 
various image sizes. The scan start position of a 
scan area is specified by 8 micro-radians (0.28 
km) in the north/south direction and 16 micro- 


radians (0.57 km) the east/west. 

Ground sampling distance, shown in Figure 3, 
is 112 micro-radians (4 km) in the north/south 
direction and 64 micro-radians (2.3 km) the 
east/west for infrared imagery. 



Figure 1 MTS AT On-orbit Configuration 



Figure 2 Imager Sensor Module 
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Address 
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4km 

Figure 3 Infrared Pixel and Address 
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3. Over sampling Imagery 

A large overlap area between two neighboring 
pixels is generated in the east/west direction 
because the IFOV size of infrared channels is 4 
km while the ground sampling distance is 2.3 
km. This kind of imagery, which is sampled by a 
narrower distance than the IFOV size is called 
"over-sampling imagery" in this report. There is 
normally no over-sampling in the north/south 
direction for the MTSAT Imager because the 
IFOV size and the north-south step size are 
both 4 km. 

Conceiving of the over-sampling imagery in 
the frequency domain helps to understand what 
it means. Figure 4 shows Modulation Transfer 



IFOV 

Nyquist frequency 


Function (MTF) in the north/south and east/west. 
An east-west image signal is band-limited less 
than the Nyquist frequency because the signal 
is over-sampled. On the other hand, the absence 
of over-sampling in the north/south direction 
provides response in higher frequency than the 
Nyquist frequency. Thus, aliasing appears in a 
north/south image signal and it is not possible 
to reconstruct an original image signal. 

Now if an image is over-sampled in the 
north/south direction, the Nyquist frequency of 
the north/south moves to higher frequency and 
the aliasing is solved. Thus, it is possible to 
convert the IFOV (i.e. Point Spread Function) 
using the Digital Signal Processing. 



North/South MTF 

Fast/West MTF 

-e— N'/S 4km Interval Sampling 


m 

— e— N'/S 2km Interval Sampling 

Figure 4 Imager MTF and PSF 


The over-sampling image is generated by a 
combination of two images simply. As mentioned 
above, the scan start position of an image in the 
north/south direction is specified by 8 micro- 
radians. Here, it is proposed to acquire a series 
of two images; the position and size of the 
second image is the same as the first image 
except for a north/south scan start position 


offset. The difference of the north/south scan 
start positions is a half infrared pixel (i.e. 56 
micro-radians). Then incorporating the first 
image with the second alternately, shown in 
Figure 5, generates the over-sampling image. 
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North/South 

Address ► 

4km 



Composite Image 

Figure 5 Generation of Over-sampling Imagery using MTSAT Imager 


4. Filter for Enhancing 

The digital filter that is used for enhancing 
the over-sampling image is generated by the 
ratio of a 2 km-IFOV MTF to a 4 km-IFOV MTF. 
Figure 6 shows the process of making the filter. 

5. Verification by AVHRR Image 

The filter for enhancing was verified using 
AVHRR images. A 2 km IFOV image and 4 km 
IFOV image are simulated by the AVHRR 
infrared image that has 1.1 km resolution at 
nadir for the verification of the effect of the 
enhancing filter. 

Figure 7 shows the flow of the verification. 
Squares (□) in the figure show the size of 
IFOV, small dots ( • ) mean the sampling points 
of a 1 km image, and circles (#) the sampling 


points of a 2 km image. The over-sampling 
image has 4 km IFOV and is enhanced by the 2 
km to 4 km MTF ratio filter (Operator C shown 
in Figure 8) described above. 
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Figure 6 Process of Making Filter for Enhancing 
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Figure 7 Verification Flow using AVHRR Image 


— 5 — 










METEOROLOGICAL SATELLITE CENTER TECHNICAL NOTE No.36 DECEMBER 1998 


Operator B (1 X 1 ->4 



EM 



Ena 



■«M1M 

em 

m 

em 


eseb 



iticM 



x 4) Operator C (4x4=>2x2) 


Ml 

PIOi.1 


PMM 

■iIW 

PUMl 


EEHI 


P1HH 

EM 

g»ima 

EM 


EM 


EM 


■iHMM 



MW*1 

EM 

HW 

EM 

PIOE1 

em 

Bhhkb 


EEE3 

■»ra« 

eehi 

EM 


■tmtc 

fcaw 

EM 


EM 

BlIHU 

em 

EftkM 

EM 


■mti 


■tllfcl 

EEM 


pimi 

mmum 

EmiKj 

■HW 


EM 

pubm 


BIHI 


M 

EEIB 

Ena 

EiM 

EES] 

■*IW 



E33 


B<1t-I'l 

BBB 

MMI 

BEHB 

BiIem 

BIBB 

ttbuiffil 

BE3B 


BIEW 


kvllli 



BEl 

BEB 


BEE?!B 

BM1 


K3B 


iBUklii 


IS333 


BjffiB 


Bfiffil 

i''UB 

B!IHI 

MIEB 

fWifll 





1SS1 

BifffSEl 


EBB 

BE: I'ld 


BEkd 


BTTEB 

BiEEH 

BTOB 


BEIB1 


BT>!E1 



Bivii 

IBFI 

BifflU 

BUM 

feiiff] 

BCTTB 

mm 


ETTf] 


BTB1 

BEfEB 


BE5B 




BT<M;l4 

BTm 



hlfMJk 

BT!TCT 

ifeAIEl 

BWI 

BUEEB 

IfaitfBl 

BEECB 








BUM 

BBB 

BTOiB 

■BHiWl 

BB3M 

MiEfll 

BTIfliB 


BUM 


BEHi 


OperatoKOperator B * Operato r C) 


0.014 

-0023 

-0 049 

-0049 

-0023 

0014 

-0023 

0039 

0 083 

0083 

0 039 

- 0.023 

-0 049 

0083 

0 . 1 76 

0176 

0 083 

-0049 

-0 049 

0 083 

0.176 

0.176 

0083 

-0 049 

-0 023 

0039 

0 083 

0.083 

0.039 

-0023 

0014 

-0 023 

-0 049 

-0 049 

0.023 

0 014 



Operator A (1 x 1 ->2 x 2) 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

025 

025 

0 

0 

0 

0 

025 

025 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


Figure 8 Filter for Enhancing (Operator C) 
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Figure 9 Simulation Results using AVHRR Image 
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Figure 9 shows simulation results as images. 
The over-sampling image shows the details of 
the clouds better than the original image due to 
the over-sampling image has having four times 
as many pixels as the original. Brightness level 
on the enhanced image is like that on the 2 km 
IFOV image, verifying that the enhancing filter 
has been generated successfully. 


6. Cloud Motion Impact 

Two or more images produce the over- 
sampling image. It is unavoidable to have a 
time lag of scanning between these source 
images, and the time lag has an impact on the 
over-sampled, composite image. The cloud 
motion caused by the time lag should be 
considered in the process. Now the cloud motion 
is considered using one-dimensional discussion. 



(With Cloud Mot ion) -(No Cloud Motion) 



Figure 10 shows the north/south brightness 
level of the over-sampling image that is 
generated by two source images. The source 
images are observed by a rectangular IFOV. On 
the upper graph, a solid line shows input (i.e. 
cloud pattern) for the first image, and a dotted 
line for the second. Squares (□) mean the 


brightness of the first image, circles (O) the 
second image. If there should be no change of 
the cloud pattern between these images, the 
second image appears with diamonds (O) • On 
the lower graph, the difference of the brightness 
between the over-sampling image with a change 
of the cloud pattern (i.e. cloud motion) and that 
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without the cloud motion is shown. This shows 
that an error from the Nyquist frequency 
through 1/2 Nyquist frequency is generated on 
the over-sampling image if the cloud motion 
appears. The error is enhanced by the enhancing 
filter, and causes a marked stripe in the 
north/south direction. Thus, a low -pass filter is 
required to eliminate the stripe generated by 
the cloud motion. 

7. On-orbit Demonstration 

MTSAT will be launched in geostationary 
orbit around August 1999. On-orbit testing for 
the Imager is scheduled from September 
through November 1999. During the testing, 
the over-sampling image will be acquired for 
the verification of image navigation accuracy. A 
few hundreds of the over-sampling images have 
the size of 1000 km east/west and 500 km 
north/south will be available for the navigation 
verification and an assessment of the cloud 
motion wind. 

8. GOES- 1 0 On-orbit Demonstration 

A preliminary demonstration of the over- 
sampling imagery collection concept was 
conducted using the GOES- 10 Imager during 
the spacecraft post-launch test period in 
October 1997. The GOES- 10 Imager provides a 
valid proof-of-concept because its IFOV and 
scan system design is identical to that of the 
MTSAT Imager. 

The GOES- 10 test produced imagery oversam- 
pled in the east-west direction by the nominal 
2.3 km sampling interval to 4 km IFOV ratio. 
Over-sampling in the north-south direction was 
accomplished by collecting a series of three 


images that together produce a composite image 
with 2 km north-south sampling. The first 
image was a 1000 km (east-west) by 250 km 
(north-south) image. The second was a 1000 km 
by 500 km image offset from the first image by 2 
km (one-half pixel) in the north-south direction. 
The last image was a 1000 km by 250 km frame 
with its north-south start address equal to the 
stop address of the first frame. 

Together the first and third images produce a 
1000 km by 500 km image that is offset from the 
second image by a half pixel. By collecting two 
1000 km by 250 km images (instead of a 1000 
km by 500 km frame), the effect of cloud motion 
is minimized because less time has elapsed 
between the collection of the first image and the 
top half of the second image and also between 
the bottom half of the second image and the 
third. 

This image sequence was repeated at three 
different geographical locations in order to 
provide a variety of image content. The GOES- 
10 data was used to develop and demonstrate 
the image analysis techniques presented here. 

The details of GOES- 10 on-orbit testing are 
described in Appendix A. 

9. Conclusion 

The essence of this study is the use of an 
existing imaging system to demonstrate the 
effect of 2 km infrared images. The study has 
established a method of making the enhancing 
filter, a technique of making the over-sampling 
image, a procedure of image acquisition, and so 
on. Testing environment such as image 
processing software will be prepared for the on- 
orbit demonstration after this. 
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Appendix A GOES 10 On orbit 
Demonstration 

1. Purpose of This Document 

This document describes the details of GOES- 
10 on-orbit testing for over-sampling concept. 

2. Test Sequence 

Table A-l shows the sequence of the over- 
sampling testing using GOES- 10 Imager. 

The testing was performed with IMC (Image 
Motion Compensation) off because IMC 
generates a compensation signal to produce an 
image with fixed earth projection. 

The MMC (Mirror Motion Compensation) 
that compensates for the effects on the rigid 
body portion of the Imager and Sounder scan 
mirror motions was on. 

The Sounder was idle and without sounding. 

Table A-l GOES- 10 Over-sampling 
Test Sequence 

Configure for test 

- IMC off 

- MMC on 

- Sounder idle 
Execute test frames 

- Sequence A: 

- #1 1000km East/West x 250km 

North/South frame 

- #2 1000km East/West x 500km 

North/South frame 

=> start address offset 56 micro- 
radians to north of #1 

- #3 1000km East/West x 250km 

North/South frame 

=> start address equal to North/South 


stop address of #1 

- #4 same as #1 

- #5 same as #2 

- #6 same as #3 

- Sequence B: change geographic location 

and repeat from #1 through #6 

- Sequence C: change geographic location 

and repeat from #1 through #6 

Table A-2 Location and Time of Test Frames 

Sequence A : Florida 

10/28/97 18:41:41-18:44: 10UTC 
Sequence B : Baja California 

10/28/97 18:47:41- 18:50: 12UTC 
Sequence C : San Francisco Bay 

10/28/97 18:53:41- 18:56: 16UTC 

The test included three imaging sequences 
acquired at different geographical locations in 
order to provide a variety of image content. The 
geographical location and imaging time of the 
each sequence are shown in Table A-2. 

At each geographical location, a series of 
three images was repeated with the result that 
each imaging sequence had 6 images. 

Regarding the series of three images, the first 
image was a 1000 km (east-west) by 250 km 
(north-south) image. The second was a 1000 km 
by 500 km image offset from the first image by 2 
km (one-half pixel) in the north-south direction. 
The last image was a 1000 km by 250 km frame 
with its north-south start address equal to the 
stop address of the first frame. 

Figure A-l shows a snap shot of Sequence A; 
Florida. 


imMm-by? 
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18:41:41 - 18:41:52 


18:42:01 - 18:42:23 


18:42:28 - 18:42:39 


18:43:11 - 18:43:22 


18:43:29 - 18:43:51 


18:43:58 - 18:44:09 


Figure A-l Snap Shot of Sequence A 


3. Image Processing 

The first step of image processing using 
GOES- 10 Imager data is to merge the three 
images together. Together the first and third 
images produce a 1000 km by 500 km image 
that is offset from the second image by a half 
infrared pixel. 


The third step is the enhancement of the 
merged image that has a 2.3 km (east-west) by 
2 km (north-south) lattice. The enhancement is 
processed using spatial domain digital filters 
that are generated by MTF ratio. Table A-3 
shows the digital filters for GOES- 10 image 
enhancement. 


The second step is to remove image stripes in 
channel 4 (10.7 micro-meter) and 5 (12 micro- 
meter). The stripes are caused by differences in 
the outputs of the two detectors'. 

A striping index with counts is measured, 
then the de-striping of the merged images is 
performed by adjusting image counts using the 
measured striping index. Figure A-2 shows the 
effect of the de-striping in the merged image. 



Before After 


Figure A-2 De-striping 
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Table A-3 Digital Enhancement Filters for GOES- 10 Imager 


The final step is to remove the high spatial 
frequency caused by cloud motion in images. 
The following low -pass filter is used for the 
images to be enhanced in the north-south 
direction. An examination into the low-pass 
filter is described later. 


0.001 
-0.003 
0.007 
- 0.011 
0.010 
0.003 
-0.035 
0.083 
-0 136 
0.178 
0.807 
0.178 
-0.136 
0.083 
-0.035 
0.003 
0.010 
- 0.011 
0.007 
-0.003 : 

0.001 

Table A- 4 Low Pass Filter 


4. Photos 

The processed images of the GOES- 10 over- 
sampling testing are shown from Figure A-3 
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through A-8. Each figure includes three images; 
the processed image latticed with 2.3 km in the 
east-west by 2 km in the north-south (top), the 
current GOES image latticed with 2.3 km east- 
west by 4 km north-south (middle), and the 
simulated MTSAT HiRID (High Resolution 
Imager Data, i.e. processed data for users) 
latticed with 4.6 km east-west by 4 km north- 
south. 

There are two missing lines in the original 
image of GOES- 10, and so an unusual image 
pattern is shown in the middle of the image to 
be enhanced. 

Figure A-6 through A-8 show a difference in 
brightness temperature between Channel 4 and 
5, whose white areas indicate that the 
temperature difference (Channel 4 - 5) is high. 
Note that the calibration coefficients don't have 
operational accuracy, so that a quantitative 
analysis is limited. 

5. Image Analysis 

Figure A-9 through A- 11 show the maximum 
and minimum temperatures in the processed 
versus current GOES images on 8 pixels (east- 
west) by 10 pixels (north-south) in the 
enhancing image, i.e., approximately 20 km 
square. Circular marks (maximum temperature) 
appear over a diagonal line of the figures, and 
triangular marks (minimum temperature) 
under the line. This means that the 
temperature range of the processed image is 
expanded as compared with the current GOES 
image. In general, it is supposed that a higher 
spatial resolution image provides more chances 
to observe the high emissivity part of 
cirrostratus, that is the minimum temperature 


appears lower, and more chances to reduce the 
cloud contamination of clear sky radiance in 
IFOV, so that the maximum temperature 
appears higher. Figure A-9 through A- 11 indicate 
no inconsistency of the above supposition. It is 
noticeable that the minimum temperature 
difference of the processed image shown in 
Figure A-9.b, A-lO.b, and A-ll.b appears closer 
to 0 K. This gives a proof that the higher 
emissivity part is observed in the processed 
image. 

Table A-5 shows low-pass filters to reduce the 
high spatial frequency in the image caused by 
the cloud motion. Figure A- 12 shows the 
frequency response of the low-pass filters shown 
in Table A-5. For the purpose of comparing the 
effect of the low-pass filters, a difference of the 
maximum and minimum temperatures between 
the enhancing and current GOES images shown 
in Figure A-9 is calculated by each low-pass 
filter. The average of the difference is shown in 
Figure A- 13. 

Table A-6 shows the standard deviation of the 
clear sky area ranging approximately 20 km 
square on channel 4. The ratio of the processed 
to current GOES images is about 3:1. It is 
presumed that image noise is enhanced by the 
enhancing digital filters, so that the high 
standard deviation of the processed image is 
observed. To verify this presumption, the image 
noise generated by Gaussian and 1/f noise 2 was 
simulated, and enhanced. The simulated noise 
increased twofold or threefold by the enhancing 
filters. Thus, it is possible to explain that the 
standard deviation shown in Table A-6 indicates 
the enhancement of the image noise. 



METEOROLOGICAL SATELLITE CENTER TECHNICAL NOTE No.36 DECEMBER 1998 


Processed 


Current GOES 





MTSAT HiRID 

Figure A-3 GOES- 10 Over-sampling Testing 
Florida Channel 4 


10/28/97 18:41-18:44 UTC 
NASA, NOAA, S.Kigawa(JMA) 
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— 15 — 


METEOROLOGICAL SATELLITE CENTER TECHNICAL NOTE No.36 DECEMBER 1998 


Processed 



%'■ 

lit ~ 


MTSAT HiRID 

Figure A-5 GOES- 10 Over-sampling Testing 
San Francisco Bay Channel 4 
10/28/97 18:53-18:56 UTC 
NASA, NOAA, S.Kigawa(JMA) 
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Figure A-6 GOES- 10 Over-sampling Testing 
Florida Channel 4 - Channel 5 


10/28/97 18:41-18:44 UTC 
NASA, NOAA, S.Kigawa(JMA) 
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Figure A-7 GOES- 10 Over-sampling Testing 

Baja California Channel 4 - Channel 5 
10/28/97 18:47-18:50 UTC 
NASA, NOAA, S.Kigawa(JMA) 
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Table A-5 

Low-pass 

Filter 





Florida 



Baja California 




Current GOES Processed 


Current GOES 

Processed 


(counts) 

(counts) 



(counts) 

(counts) 

#1 

0.68 

1.82 


#1 

0.36 

1.94 

#2 

0.91 

2.20 


#2 

0.59 

2.23 

#3 

1.14 

2.27 


#3 

0.62 

1.74 

#4 

1.25 

2.33 


#4 

0.64 

2.42 

#5 

1.31 

2.85 


#5 

0.66 

1.91 

Average 

1.06 

2.29 

Average 

0.57 

2,05 


San Francisco Bay 

Current GOES Processed 

(counts) (counts) 

#1 0 51 1.95 

#2 0.54 2.08 

#3 0.60 2.44 

#4 0.64 1 .80 

#5 0.64 1.99 

Average 0.59 2.05 


Table A-6 Standard Deviation of Clear Sky Area 


To assess an impact on cloud motion winds, 
pattern matching using the cross-correlation 
method was performed for an area of 16 by 16 
pixels (processed image) and 8 by 16 pixels 
(current GOES image) on channel 4. As 
mentioned above, the acquisition of the over- 
sampling image was repeated at each geographical 
location, whose interval was approximately 90 
seconds. The pattern matching was performed 


on the lattice of 16 by 16 pixels on the processed 
image and 8 by 16 pixels on the current GOES 
image. The correlation surface of the pattern 
matching was interpolated and a correlation 
peak was detected. 

The results of the pattern matching are 
shown from Figure A- 14 through A- 16 as the 
cloud motion winds. It is remarkable that the 
winds which indicate 10 m/s or over have a bias 
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of 3.9 m/s at Florida, and 4.8 m/s at Baja 
California. It is reported that the cloud motion 
winds for upper levels are biased slow (more 
than 2 m/s) for speed exceeding 30 m/s 
comparing with aircraft measurements 3 . Al- 
though the analysis of the over-sampling image 
is preliminary, it means the over-sampling 
image has a potential improvement on the cloud 
motion winds with the better cloud height 
assignment described the above. 
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Figure A- 14 Cloud Motion Winds of Florida Image on Channel 4 
Wind Speed (Top) and Direction (Bottom) 
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Figure A- 15 Cloud Motion Winds of Baja California Image on Channel 4 
Wind Speed (Top) and Direction (Bottom) 
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Figure A- 16 Cloud Motion Winds of San Francisco Bay Image on Channel 4 
Wind Speed (Top) and Direction (Bottom) 
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Appendix B 

AVHRR An abbreviation for Advanced Very 
High Resolution Radiometer. It is one of 
payloads on TIROS-N / NOAA series. 

IFOV An abbreviation for Instantaneous Field 
of View. It defines the angular response 
function of the radiance that is captured 
instantaneously by Imager’s visible and infra- 
red detectors. Input scene intensity as a 
function of angle is convoluted with IFOV 

Imager A visible and infrared scanning 

radiometer on MTSAT. 

MTF An abbreviation for Modulation Transfer 
Function. It defines imaging gain as a function 
of spatial frequency. MTF is derived by taking 
the Fourier transform of IFOV or PSF. It shows 
a measure of an instrument’s ability to detect 
contrast changes on observed scenes. High 
MTF means high contrast on an output image. 

Nyquist frequency A half of sampling 
frequency. The Nyquist frequency is given by: 

Nyquist frequency = 

\/ (2 X spatial sampling interval) 

PSF An abbreviation for Point Spread 
Function. It defines a radiance angular 
response function when the Imager observes a 
point light source. 
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Analysis Procedure for Some Cloud Patterns Informed 
in Satellite Cloud Information Chart 


Abstract 

Meteorological Satellite Center disseminates Satellite Cloud Information Chart (SCIC) 
three hourly as a supporting information for short range weather forecasting at local 
weather offices. 

SCIC consists of two kinds of information, one is the imagery information of automatically 
classified cloud types and brightness temperature, the other is man-machine interactively 
the analysis information such as a cloud pattern,.. 

This article introduces the analysis procedures for some cloud patterns, these are jet 
streak, transverse line, upper level trough, and upper level vortex. 
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Forest Fire observed by GMS-5 in the Maritime Province region 

Nobutoshi Fuchita* Koji Onosato* 


Abstract 

This report is to describe the forest fire and its smoke observed by GMS-5 in the maritime 
province region. 
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Fig.l ■ The surface analysis and plotted observations at 06UTC on 7 August 1998. 
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Fig.2 ■ GMS-5 Visible images every 6 hours from OOUTC on 6 August to 06UTC on 7 


August 1998. 
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Fig.3 ■ GMS-5 Visible image at 06UTC on 7 August 1998. 
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Fig. 4 ■ Infrared brightness temperature distribution at 06UTC on 7 August 1998. 
Fig.4 : 8 R 7 
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Fig. 5 • Infrared brightness temperature distribution at OOUTC on 7 August 1998. 
Fig.5 : 8 0 7 0 OOUTCcO^^Mg^® 
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Fig.6 • Infrared brightness temperature distribution at 03UTC on 7 August 1998. 
Fig.6 : 8 n 7 0 
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